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157] ABSTRACT 

A magnetic recording medium, comprising a 2-laycr 
film formed on a glass disk substrate as an under layer 
composed of an amorphous oxide or NaCl oxides like a 
NiO or CoO and the Hke, or any soft magnetic oxide of 
Mn-Zn ferrite, Ni-Zn ferrite and the like, or a combina- 
tion of those 2 materials; a magnetic recording medium 
formed thereon composed of a Co ferrite perpendicular 
magnetic film of a columnar structure; and a structure 
formed thereon with a lubricant layer medium. This 
magnetic recording medium is used for a magnetic rigid 
disk apparatus. The substrate is made by press-moldwg 
the glass plate at a high temperature. The under layer 
film and Co ferrite film are composed of vapors of or- 
ganic material compounds and oxygen as their raw 
materials, and made by a plasma assisted CVD method. 

2 Claims, 7 Drawing Sheets 
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FIG. 6 
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Also, as the aforementioned magnetic rigid disk is a 
longitudinal recording medium, an effort to further 
increase the recording density for shorter recording 
wave lengths makes the recording difficult due to influ- 
ence from a magnetic field- Therefore, studies have 
been conducted with regard to improved magnetic 
recording media for use in a perpendicular recording 
system; one such study researched the effects of a 
Co-Cr thm film medium on a method for a Co-Cr thin 
film medium on a method for record reproduction in 
which a magnetic head makes contact with the Tw^fom 
without lifting the magnetic head itself. 
This Co-Cr alloy thin film medium has such disad- 



MAGNETIC RECORDING MEDIUM AND ITS 
MANUFACTURING PROCESS 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates to a magnetic recording 
medium and its manufacturing process which makes 
high density magnetic recording possible. 

2. Description of the Prior Art 
Magnetic recording media are now widely used in 

the form of tapes for audio equipment and video record- 
ers, or in the form of a disk like a floppy disk and a _____ ___ 

magnetic rigid disk. In today's highly developed intelH- vantages as being "easily subject to scars when sliding 
gear society, the volume of information to be stored is against the magnetic head. Since the Co-Cr alloy thin 
increasing year by year, therefore, the demand for a film is a metal thin film, in the same manner as Co- 
larger storage unit and higher density are also moxeas- Ni/Cr alloy thin film, there is also a problem with cor- 
ing. For example, in a magnetic rigid disk unit as used rosion and oxidation resistance, and. therefore, for the 
for computer peripheral units, a trend towards both a M Co-Cr alloy thin film medium, mere has been such Brest 
larger storage volume and a smaller physical volume is ' 
shown year by year, furthermore, development towards 
a higher density and smaller size magnetic rigid disk 
used for a magnetic rigid disk unit is progressing. With 
the increasing demand toward higher density, the re- 
cording meftintn materials used for the magnetic rigid 
disk have also changed. The magnetic recording me- 
dium as conventionally used has been an applicarion- 

li^ m !f Um _^ hiCb W J! T** ? y an ** B a ^ this manner, efforts are being made for improving 

thin film-rype medium was placerHnT ST^S^ Z^T* ™^ ° f 

has widely been usecL Such nicdia have oeen made by ^^Z^f^^^T- ^ 

directly forming the magnetic film without using an _Ji_ , ^ 

organic binder on a disk substrate, through theuse of 33 ^^J^^f^^^fi possible for the mag* 
such means as plating as well as vacuum sputtering 
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problems as assuring reliability for improving passware 
endurance and corrosion resistance. 

Various schemes have been devised to solve this 
problem. One of them is a method to provide a protec- 
tive layer of amorphous carbon on a Co-Cr thin 0hu 
surface. In addition, a method to provide a protective 
layer of cobalt oxide on the Co-Cr thin film surface has 
been contrived. 



netic disk of the magnetic head will lead to improve- 
ment of the recording density owing to a decrease in the 
loss of output (spacing loss) due to spacing, i.e. an inter- 
val between magnetic head and magnetic disk. In order 



methods. 

Instead of using an application-type magnetic rigid 
disk which is applied with the needle-shape magnetic w ^„ « -. _ . , _ „ - v 
powder of gamma iron oxide onto an aluminum disk aq to . lowc / ™ flvm S height, excellent smoothness is re- 
substrate, a rigid magnetic disk of Co-Ni/Cr alloy thin _ Uif fiL e 8 ^ ?strace mrfece to protect the magnetic 
film has come to be in wide use. Acad from clashing. With conventional disk substrates. 

As one example of a magnetic rigid disk used with the a J mo ? t ^ are **** with ^wmnum substrates. However, 
existing Co-Ni/Cr alloy thin film, an explanation fol- aluminum substrates are limited by the ability to obtain 
lows of the structure and the production method of a 45 to ade ^ nate surface smoothness, thus it has been diffi- 
thm-film magnetic rigid disk made by means of the cult to ^P^ 2 smoothness. In this connection* 
vacuum sputtering method- First, an aluminum circular smooth glass substrates are easily obtained and are 
disk mirror polished as a disk substrate is prepared. On nowadays thought to be effective. However, the glass 
its surface, a Ni-P film of about 20 urn is formed by a substrates have disadvantages such as being expensive 
plating method. Then, the Surface is polished up. In this 50 compared with aluminum substrates due to complexity 
instance, a texture is made on the surface- Than, Cr thin of production process. 

film of about 0,1 pin thick is made by a vacuum sputter- Recently, in order to make high recording density 
ing method with a Co-Ni thin film than 0.008 pun) possible, running at a flying height volume of about 
formed as a magnetic layer. Since the Co-Ni thin film of 0.05-0.1 pan has been considered necessary, 
the m a gn e t ic layer by itself has such problems in corro- 55 However, there are problems of changes in properties 

sion resistance as oxidation, a protective film layer ~— , ... . 

(about 500-800 A) of S1O2 or amorphous carbon and the 
like are formed for the purpose of improving the corro- 
sion resistance. Furthermore, a coating layer (about . . _ _ _ IWJ 

100-500 A) of lubricant is formed on the surface, and 60 once a protective film layer is provided, the interval 
then a magnetic rigid disk of Co-Ni/Cr alloy thin film is between a magnetic recording medium (magnetic layer) 
built up. and a magnetic head is, in terms of magnetism, widened 

The magnetic rigid disk structure of Co-Ni/Cr alloy by the thickness of the protective layer even if the fly- 
thin film is composed of 6 layers of "lubricant layer/- ing height is decreased, which results in increased spac- 
protective layer/Co-Ni alloy magnetic layer/Cr 63 ing loss and has thereby stunted the progress toward 
layer/P plating kyer/Alununnm substrate". However, higher density media. Besides, formation of the protec- 
this structure has inherent disadvantages such as making tive film increases the complexity of prc^ucmu record- 
the production process more complicated. ing media. 



r — — — — — ■ ■■■ ■ m^^^ew mwrnrm+m ■ mm 

resulting from oxidation and the like in any of the afore- 
mentioned Co-Ni/Cr thin film media or Co-Cr thin film 
media, which need a protective film layer for the pur- 
pose of promoting corrosion resistance. In this sense, 



PAGE 15124 ' RCVDAT 3114/21)05 5:43:12 PM [Eastern Standard Time]' SVR:USPT0-EFXRF-1/11 1 DN!S:8729306 > CSID: 1 DURATION (mm-ss):09-20 



03/14/2005 16:46 FAX MERCHANT & 60ULD Ig] 016/024 

3 5,378,548 

SUMMARY OF THE INVENTION density recording compliance, thereby larger capacity 

a- nKiw *t« * • m agne tic rigid disks can be In addition, the film 

forT which is, Bk/n CC. vended to 5 ™^SiT^ S ^ ^ 

film disk, excellent in reliability withc« needof a pro- ^JTffw T* 011 ^ t*^* 1 "*** 

tective layer and has a comment of pcrcendW ^T^a ^ of decreasing mag- 

denary magnetic recording, and also its product F T^ C imnfibu magnet oxide recording nacdium 

In order to achieve the aforementioned object, the ?!?!^J^r h "^ ^P 01 ^* « iron and 

present invention is not a magnetic rcc^gWdiunt ^fJ^^^f' ^ d of thin film oxide as a 

composed of an alloy (inetalh^niagnetic thin film mt^ ™j£ layer fi^m helps make the control Of crystal orien- 
dium material which needs a convtotional protective * ad diameWr of columnar structure 

film layer, but is a magnetic recording medium usinft a 15 5™* """"^My easy and the magnetic recording 
magnetic recording medium material of a thmfflm ^^n^ **e also improved. Product yields can 
oxide containing such cmemicals as iron and cobalt, t ^P™* ^ the production, 
having a perpendicnlar recording component capable ^ i ^P 1 ^ enhanced MO-CVD method enables 
of recording with higher density compliance and aco- tbetnin film oxide of the Under layer turn and magnetic 
lumnar structure which consists mainly of an oxide of a 20 °^ e . thm ^ to 06 contmuonsly formed even with 
spinel crystal structure; and an undcrlayer film which is changing the gas of raw material. Formation of multi- 
a different kind of oxide thin film is formed on a glass 8 ^ ructu ^ **** film oxides can be easily made even on a 
substrate, the thin film of the medium is formed on the V* 53 ^ substrate. Therefore, as mentioned earlier, 
under layer film, and also on its suimce a lubricant layer compared with a magnetic rigid disk of the COnven- 
is formed, thus making a magnetic recording medium in Z5 tioaal alloy magnetic material of complicated film struo 
magnetio rigid disk form of a film structure, Besides, the ture flayer structure), a magnetic recording medium 
present invention is a glass disk substrate manufacturing remarkably simple film structure can be made which 
process made by heating a glass material and press * _ a n^e* 0 <K& form of "lubricant layer/magnetic 
molding; a thin film forming process fox an oxide mag- ^ m layer/oxide thin fOm under layex/giass 

nctic recording material obtained by a plasma enhanced 30 Suostrate " 

MO-CVD method and an oxide material for its under The inventors also found in the past a method to 
layer film, and a production method for the aforemen- produce a disk type glass substrate by press forming the 
tioned magnetic recording medium produced through a elass block materia] with heat through use of a pair of 
lubricant fDm layer forming process by lubricant appli- dic P™ 8 ***- (M. Aoki et al>, US. Pat. No. 4,953,385). 
cation. The inventors have discovered a production 33 This is a remarkably process-saving production method 
method for a thin flhn of magnetic oxides capable of compared with the magnetic recording medium pro- 
being used as a magnetic recording medium through use auction method of a magnetic rigid disk form of alloy 
of plasma enhanced MO-CVD method by using a MO magnetic material which represents the conventional 
raw material (organomctallic raw material) which rep- Co-Ni/Cr alloy magnetic disk. In the inventors* pro- 
raents ^-diketone complex such as metal acttylaceton- 40 cess, a glass disk substrate to be used for the magnetic 
ale like iron, cobalt and the like. (M. Aoki et aL, US. recording medium of the present invention is made with 
Pat^No. 4,717,584) heat through a press molding method by first heating a 

Furthermore, by controlling the film forming condi- glass block material using a pair of press dies, eontmu- 
tams of the plasma enhanced MO-CVD method, a per- forming the aforementioned thin film under layer 

pendicular magnetized thin film can be obtained which 45 and the magnetic thin film on the substrate through the 
consists of a spinel oxide magnetic body whose only plasma enhanced MO-CVD method, and applying In- 
form a minute columnar grains densely grown onto the bricam to the surface thereof to form a lubricant laver 
1^?*** Torn et ah, U.S. Pat No. With the above structure, the magnetic rigid disk 

4*975,324, and E. Funi et aL, IEEE Translation Journal with the film structure of the present invention is when 
cm Mamietxcft in Japan, voL 4, No, b, p 512-517 (1989)). 50 the flying height of the magnetic head becomes low- 
Tne film material thus obtained is an oxide material ered, able to get a high head output even at a short wave 
having a Spinel crystal structure, the same material as area compared with the conventional alloy maanetic 
magnetic ceramics generally called ferrite. Since ferrite rigid disk, thus making ft possible to cope with the 
is a ceramic oxide* it is not only excellent in acid resis- higher density recording and the larger capacity of a 
tance but also in weatherability with sufficient hardness. 55 magnetic rigid disk device. Also, the film stacire is 
ineretore, a magnetic recording medium thin film of simple compared with the alloy disk structure, and 
spinel oxides as used m the present invention is likewise- according to the production process of the present in- 
^mMg^^co^me^ thin film having excellent vention the production process can also be remarkably 
±?22!L V ttd J Mlfit ^ ^fthera^ and reduced. Elimiiiatmg process steps allows the produo 
nnfJSf^ Therefore, as a protective film layer is 60 tion of magnetic recording medium capable of coping 
£ fflTl? Z^S2°^ f?nMC ^ the magnetic with higher density recording to be made with 

film as required for the conventional alloy mag. cost compared with the conventional processes, 
netic recording medium thin film material used in mag- 

netic rigid disk form, a loss of head output (spacing loss) BRIEF DESCRIPTION OP THE DRAWINGS 

^Lw!^ 6 " °° tic * ab ' y reduccd - ** »»val (span- 65 HO. 1 shows an enlarged sectional view of the main 
u^^een the runmng magnetic bead and magnetic area of the magnetic^cLiing SB a Z£Z 

^T3^Z ^yj** disk form referred to as embodiment ! ofK 

nvely reduced by reducing the flying height for high ent invention. 
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FXO. 2 shows a schematic diagram of a press machine 
for glass material referred to as embodiment 1 of the 
present invention. 
FIG. 3 shows a srtipmatic sectional elevation view of 



26, Zly 28, 29 and 30 second valve 

31 carder gas cylinder 

32 reactive gas cylinder 

33 heater for substrates 



Kdi^Cri!^ a o^netic 5 34 Co ferri«/CoZnFe amorphous oxute magnetic re 
mm ana its under layer film referred to as embodiment cording medium 

35 Go-Ni/Cr alloy thin film medium 



1 of the present i 

FIG. 4 shows a comparison digram of the output 
voltage characteristics made by a magnetic head for a 
magnetic recording medium referred to as embodiment 
1 of the present invention, a medium without an under 
layer film, and a conventional medium for co mparison . 
FIG. 5 shows an enlarged sectional view of the main 



10 



36 Co fertile monolayer medium 
37NiOfi2m 

38 Co ferrite/NiO magnetic recording medium 

39 Mn-Zn ferrite film 

40 Co ferrite /Mn-Zn ferrite magnetic recording me- 
* dtina 

*Z %^l^^L X Tf° tdhlB 41 Co ferrite/Mn-Zn ferrite/CoZnFe amorphous oxide 

rigid preferred to as em 15 ^^.^ *«*u^ 0 uso*we 

ent invention. 

FIG. 6 shows a comparison diagram of the output 
voltage characteristics made by a magnetic head for a 
magnetic recording medium ref er r e d to as embodiment 
2 of the present invention, a medium without an under 20 
layer film, and a conventional medium for c 



magnet ic recording mgdimn 

42 Co ferrite/Mn-Zn ferrite/NiO magnetic recording 
medium 



FIG. 7 shows an enlarged fHTrtirnial view of the main 
area of the magnetic recording mprfhirq of a magnetic 
rigid disk form referred to as embodiment 3 of the pres- 
ent invention. 

FIG. 8 shows a comparison diagram of the output 
voltage characteristics made by a magnetic for a 
magnetic recording medium referred to as embodiment 
3 of the present invention, a medium without an under 
layer film, and^a conventional medium for comparison, 

FIG. 9 shows an enlarged sectional view of the mam 
area of the magnetic recording medium of a magnetic 
rigid dkk form referred to as embodiment 4- of the pres- 
ent invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 



Explanation of one embodiment of the present inven- 
tion follows with referen ce to drawings. 
2j FIG. 1 shows the structure of the first embodiment of 
the magnetic recording medium of the present inven- 
tion^ in which numeral 1 represents a glass disk sub- 
strate, numeral 2 represents a CoZnFe amorphous oxide 
film layer, numeral 3 represents a Co ferrite film, and 
30 numeral 4 represents a lubricant layer. 

First, a glass disk substrate for magnetic disk was 
made as follows by a press molding method. 

By preparing a highly dense sintered columnar body 
of tungsten carbide (WQ [composition: 
FIG. 10 shows a comparison diagram of the output 35 WC/Ca/Cr3C2=91/8/l (wt %)] by 98 mm in diameter 
voltage characteristics made by a magnetic head tor a 30 10X0 « height followed by mirror polish on one 

magnetic recording medium referred to as eiubodunent bottom surface, a platmnm-iridium alloy film of 3 um in 

4 of the present invention, a mgfUntn without an under t hicknes s was formed by use of a high frequency sput- 
layer film, and a conventional medium for comparison. taring device. After forming the alloy film, the sput- 

FIG, U shows an enlarged sectional view of the main 40 tered Him surface was mirror polished- 2 pieces of tung- 
area of the magnetic recording medium of a magnetic sten carbide sintered blocks were prepared by coating 
rigid disk form referred to as embodmient 5 of the present the mirror finished surface thus made with platinum- 
invention. /iridium alloy. A pair of press dies coosistmg of 2 plati- 

FIG. 12 shows a comparison diagram of the output num-iridinm alloy coated tungsten carbide sintered 
voltage characteristics made by a magnetic head for a 45 blocks having a rmrrox finished surface- 
magnetic recording medium referred to as embodiment After setting a pair of press dies 5 and 6 onto a press 

5 of the present invention, a medium without an under machine as shown in FIG. 2, a raw material p reheated 
layer film, and a conventional medium for comparison. up to 600° C. whose composition comprises S1O268 wt 

KEY TO FIGURES ^ £j&fjl* M " V * Ba ? 2 , wt *• md 

50 NajOj 11 wt %> which is in the form of a glass circular 



1 glass disk substrate 

2 CoZnFe amorphous oxide fiitn 

3 Co ferrite film 

4 Lubricant layer 

5 and 6 press dies 

7 Raw material glass circular disk 

8 and 9 heater for press dies 

10 supply jig for a raw material glass circular disk 

11 piston cylinder for an upper die 

101 piston cylinder for a lower die 

102 preheating tunnel furnace 

103 inlet for taking out a disk 

12 reaction chamber 

13 electrode 

14 exhaust system 

15 high frequency wave power source 
16, 17, 18, 19 and 20 vaporizer 

21, 22, 23, 24 and 25 first valve 



disk (a circular disk form with a 95.0 mm diameter, 1*21 
mm thickness, and a circular hole with a 25.0 trim diam- 
eter loca ted at the center area) 7, is disposed between 
the pair of dies which are heated up to 700" C. followed 
53 by holding them for 2 minutes so that the clearance 
becomes 1.20 mm between the pair of dies located at the 
upper and lower positions under a pressure of 2 
kgcm-l, cooling for 10 minutes down to 450° C with 
the circular disk form holding the glass material be- 
60 tween the dies, and removing the glass dwfc after form- 
ing. 

In FIG. 2, numerals 8 and 9 are heating heaters for 
press dies 5 and 6,° numeral 10 is a supply jig for raw 
material glass circular disks, numeral 11 is a piston cyl- 
65 indcr for the upper die. numeral 101 is a piston cylinder 
for the lower die, numeral 102 is a preheating runnel 
furnace for raw material glass circular disks, and nu- 
meral 103 is the exit for formed disks. In thu manner, a 
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taSSe feS.SE ff^!! 1 w ?* , ? a<5ewhich of 10 Mm. By rotating the magnetic rigid disk at e Speed 

RrfS^ ^ lifl ln tepp"*;. of 3,600 r.pja.. evahmtion^otfe ^ al^W^ 

rJ^S? 5" 1( comprising Oo tial track at 20.0 mm from the center of thTdfefcTTus 

tartefflm 3 of a magnetic thm film for a magnetic relative speed b^ecu fte ^g^ririd dlk 

S iiL^^ ^rdmg 10 ration of alurrnmSrrtfe) tora?S, whS a^it 
A?fTJ? »!L * 5f P *'? Bt mveatlon - ™ lttbrieant layer as that of the present invention was 

? **" » na«toii chamber, 13 ia an provided by forming a carbon film of^YaTa nro^f 

tasUe of the reaction chamber at a low pressure, 15 is a 800 A and which coWed of a Co-Ni nwanfe law 
h^t^uency electnc source (13.56 Mha), numerals 13 and Cr layer of l^ZSte ST HcJ^koL 

lu^^^^T 1 ^ ^ "^J*™** * addition, a magnetic recording mtfhu. l waTmade 
numerals 21-25 are first valves for controlling the intro- in a magnetic risdddisk formWitba bZLi Lfih! 

S^s^vaCSrco^^^r^ witnoX nndTjaS £ <2fc£ S £ 
*£™L^!2T ^ ooatrollmg the introduction dium) whose structure is composed of a Co ferrite mae- 
r^^^fr^^ti^ V*"** vaporisers. 20 netic film (the forming eSTwtellSfi 
numeral 31 is a raw material gas and carrier gas cylinder of the 2-layer film) formed directly Ona sdaas dkksnb- 
(for nitrogen), numeral 32 is a reacdem gas cylinder (for state, 'winea imecqy on a glass disk snb- 

raSE"^ 1 -tbodfc, a magnetic 25 Sim K^ESSa^"^ ^ 
recordmg medium of the present ; invention follows. ComparW^. niadc^nown in FIO 4ofthe 

~, ^l^" , r*^^ ate ^C^TO^L rinc ace- relationship between the raagneti^rd^mediumrf 

tS^W and acetyl" thep^embodm^dTcS^XeotTent 

etonate [C^CjHtQ^]. as mad raw materials deity- tioual Co-Ni/Cr alloy tbm mmmSS/£ \b££L 

S^^r^T°^ (d f f ° r 2 bo "" flt 30 the rccordin S density or mwfftSc "tanS^uS 
to W udS ^w!!?"' ? f" iDt ° rrprod"^d output of a Co ferrite mouXyer^sW 

tut 16, cobalt acetylacetonate is put into a vaporizer 17, In FIG. 4, the abscissa represents the «mJS«Z 

2 iff T w£3S?*i5t3r>fiJS^ 35 netic SLSSmf ^ 'Jt' 34 *• 5* 
tier vannr rtift», v«iZ~ ^ ^J53^ . 8 • ncQc rccordmg medium of the present embodiment 

irir^lSr^r^^ln/^^^^^ "r*™ 1 35 thows conventional Co-Ni/Cr^titin 
10, 47 ana is respectively; along with respective acetyl- film medium for commrisoa mmw »„j ™». JLi m 

acetonate vapors of aforementioned zinc eobalt,1uid showTthllhar^S^ mlSESJS 

iron, and oxygen (flow volume 5 SCCM) through open- medium, respective* monolayer film 

a^^ V r^ 1 ;wilfir , w^^ M ^^ Prom FIO. 4, the magnetic recording medium of the 
a depressed reaction chamber 12 which a depressed present embodiment shows a hijdier^u7^«»*™,* 
ttnwgh an e^aust system l^pla^ is generated (at vol^e in ^Z^^^L^t^^l 
2 KLjf^ft f d 8 ?? of oide k°*h rangeXntho^of the cSv^tiOnslSSS 

JicdTlSr C^O ro^ai^ ""i^. 1 ^ ^ ^ ^ B»d Co fer^mSa^ fc£ 

S*J3 «L^SLfS?° Allowing a reaction m a 45 medium, which clearly demonstrates that the mamedc 

Se^iC^^K^ £° r , "2 0,8,1 f^^S media of the pr«ent ernbodteenfar3 to 

J^^^^^Z^* 1 ™ * We ™ doaed - "^P'y whh the high r^dtagl«nsity. 
Further fonowmg the above, the reaction was contin- Also, observmrtWeh an oscilhLone a 

ued for 9 mmntes under thesame film forming condi- duced wave shapeVXrS^Sal^^OOlS 

0 w «/ 0n ?!? it8 S * Cqn<J ^ ^ aDd fonnhl H a After completing the measurement of the electro- 
Mayer film of the same structure on the back side in the 55 magnetic Ua^^%^c^^^ZZ^lf ^^ 
suae trurmer. followed by making a Co fetrite/CoZnPe suture was m^detooS W rfS 
O^de d*k havxag a mag^tic thin film on both sides. ferrite/CoZnFc ^^X^TiSS^iS. 
2?u« hftS iTa^VSSSJa T-** fZl lubricant la^O^S^gSrec^X 

^^ U, . (n f t ^ UStn,t ^ ^ which flDOres - As a result, it was found that the Co ferrite/CoZnFe 

cent organic lubricant, the magnetic recor ding medium nrirf. ^.^^ „ ,- J. iciriie/iwOZ.nfe 

Of a magnetic riaMdhk fc^SumS-T^ meoium o«de magnebc recording medium was composed of a 

ThT^-^v TZf- Spinel crystal structure and was predominantly orien- 

The magnetic recording medium Of the present en> tated to (100). p ooonmmmy ones 

OOdiment thus obtained was subjected to evaluation of 6s For comparison punxise, after matin* a «n«-Jm M ^ 

S^T C , ^'"f with a selected w hlCh fil^iXni^^^F^fde flrnTaC 

mg a gap length (GL) of 025 pjn and truck width fTw) mentioned embodiment onTglass disk snbstrafc lfot 
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lowed by heat-treating it lin the air at 300* C for 3 hour?, 
an analysis of crystal structure was made through the 
X-ray diffraction methojL As a result; it was found in 
terms of an the X-ray that the CoZnFe oxide film 2 was 
of an amorphous type. 

Furthermore, as a result of observation on a surface 
and a broken-out section (through the use of a high-reso- 
lution manning electron! microscope breaking the Co 
ferrite monolayer medmW of the magnetic layer film 
medium of the present embodiment and the comparison 
specimen, it was known 1 that the 2-layer film of the 
magnetic recording medium of the present embodiment 
has a co lumnar structure 1 with a columnar diameter of 
450*530 A at film thickness of about 3100 A, and Co 
ferrite monolayer film meldium has a columnar structure 
whh a colummir diameter of 200-700 A at film thickness 
of about 2,500 A. 

Next, the magnetic characteristics of Co ferrite mon- 
olayer film medium, Co2jnFe oxide fum 2 and Co fer- 



10 



10 



15 



were formed on the surface of glass substrate 1 as men- 
tioned below. 

As initial materials, iron acetylacetonate (Fe(C5. 
HrfhfcL nickel acetyiacetonate [N3(CsH702)2H201 
and cobalt acetyfacebonate [CoCCjHtOjJj] were used. 

Dehydrated Ni acctylacetonate (dehydrated for 2 
hours at 100' C. under vacuum atmosphere) was put 
into a vaporizer 14 cobalt acctylacetonate was put into 
a vaporizer 17, and iron acetylacetonate was put into a 
vaporizer 18, and said materials were respectively kept 
at 180* C, 130 B C. and 120* C whh heating. By intro- 
ducing; nitrogen carrier vapor (flow volume of 30 
SCCM) along with the nickel acetylacetonate vapor 
and oxygen (flow volume of 5 SCCM) into a depressed 
reaction chamber 12 through an exhaust system 14 with 
valves 21 and 26 opened, plasma was generated (at 
power 1.5 W/cm 2 ) and a NiO film was formed on a 
glass disk substrate 020 rpm) heated at 400* C follow- 
ing a reaction at a depressed pressure (0.08 Torr) for 5 



mamietis^ but the magnetic recording medium of Co uum condition and then mtroducing carrier gas (flow 
femle/0>ZnFe oxme stowed excellent squareness rate at 3 SCCM in a vaporizer side if andatB SCCMni 

cccrclvSo^ 

coercive force of Co ferrit^CoZaFe oxide magnetic acetonate and iron acetylacetonate into a reaction 
recording medmm has He (perpeiidiciil4r)^im0 Oe, " - " - " reaction 

He (parallel) =780 Oe and Ms was 284 emu/cc. 

The reason why the magnetic recording medium of 
the present embodiment Shows higher output voltage in so 
a high recording density (of a short wave region than 
that in the Co ferrite monolayer medmm is considered 
to be that the distribution of ^famnar diameter be- 
comes smaller compared jwith the case of Co ferrite 
monolayer by use of amorphous CoZnFe oxide fum aa 35 
an under layer film, and asb result, squareness of the Co 
ferrhe/CoZoFe oxide magnetic recording medium has 
improved 



chamber 12, a 2-layer fBm consisting of Co ferritc/NiO 
was formed by forming the Co ferrite film 3 on the NiO 
film 37 through a reaction in a plasma (electric power 
1.5 W/cm 2 ) for 10 minutes under depressed condition 
(0.06 Ton). 

Next, by taking out the glass disk substrate 1 forming 
a 2-layer film from the vacuum chamber and also form- 
ing the same 2-layer film on the back side in the same 
manner, a Co ferrite/NiO disk having a magnetic thin 
film on both sides was made. 



After heat-treating this disk for 3 hours in a 300* C 
I , . , air atmosphere, a magnetic recording medium of a mag- 

J^??- \^J? ^ m ^^ *W* **k form was made and immersed m a Iujrid 

SlSf^ mam^um calcium, titan, vamtdium, The magnetic recording medium thuVob^dw^ 
manganese, iron, cobalt, mckel, copper, zinc, strontium, evaluated for electromagnetic transfer character^tica 
mobium, cactaunm, and Whim, a thin film layer which through use of thelame^agueucTad 
tSZ^Ef 'THftP * ** Raiment 1 and in the *XZ!X 

^^IS^^ ^ «^ as the cas. of 45 ^^^^^^aS^l 

iJj^* 1 ^' 8 "^=£ ^rernentioned em- A relationship between recording density and output 
bo&ment, as me amorphous CoZnFe oxide film 2 is voltage of the magnetic recording me* um oT^el 

SKST iWn n 1 ^ ^ ^ ent invention thus obtB^^^Z^^^ 

3 is formed thereon, a magnetic rccordmg medium can 30 medium and Co ferrite monolayer film medhunis 
be produced which has excellent rehabihty hi endur- shown in FIG 6 *"™°»yer rum medium is 

^^^^5? ^ ^ ***** ^ * FKJ- *> the "abscissa le^eaents the recording den- 
n^c recordmg. ^ermore, even when the disk sub- sity (recording wave len^wmle me oroWreprt 
strate was of a eenerallv produced tdasa disk ntl*tnte. Z^Z _i J_? ~% uromaee repre- 





■BJSJ 







obtained. 

Embodiment 2 

FIG. 5 shows a structure of a magnetic recording 
inedium of a magnetic rigid disk form in the second 60 
embodiment of the present invention. In this figure, 
numeral I represents a glass disk Substrate, numeral 37 
represents NiO under layer film, and 3 represents Co 
ferrite film, and numeral 4 represents a lubricant layer. 



present invention, numeral 35 represents that of a Co- 
Ni/Cr alloy thin film medium for comparison, and nu- 
meral 36 represents that of Co ferrite monolayer film 
medium for comparison. 

In FIG. 6. it is clear that magnetic recording medium 
of the present invention shows higher values of output 
voltage than the conventional Co-NI/Cr alloy thin film 
medium and Co ferrite monolayer film medium in a 
■"T-*™ ««™«m * icprcroitt a luoncani layer. high recording density side of short wave length ranae. 
^^f^ ™ras in embodiment I, a glass 65 It was fc^T^Tth^^ 

sk substrate 1 was made. By using the same device as wesent invent « *h^~ „J!!2S2^1¥ 



disk™,.^ , w** luvu^ t> y usmg mm mm® device m presort invention is able to comply with higher nenrd- 

Sve? ^.P" 3 »* ™*f* ^ty. m addiS i^SXSSS^ 

layer Ehn 2 of a magnetic ipeordmg medium thin film age wave form at 500KHz of £S^*S "of ^ 
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Co fcftite^NiO magnetic recording medium u^g an ^^al ofthethlld ««*oAnient with refer- 



organic solvent and also without a lubricant film layer, t™<^^™^ r-. n „ _ N _ 

In addition, for comparison, an analysis of <S io J^l ^^^TT^J?^* 1 ™' - 
structure through X^S^on washed oK ^^^^^ H f^° L ^ 
making a specimen formed of a NiO film 38 only an a S^ 7 ^ 21 ^ 1 B ! d 1 oobak acetylacctonate [Co(C* 
glass disk substrate 1 under the aforementioned condi- ? 7 ^ d wcrc 38 ^ materiaI& ^ong with dehy- 
twns and in the same manner as a specimen formed of * ^ * manganese aceryiacetonate (for 2 hours at 100* 
Co ferrite film 3 on a glass disk substrate under the is II ^to vacvmn atmosphere) in a vaporizer 16, dehy- 
afbrementianed conditions. * atcd 000 aoctylacetonate in a vaporizer 17 (for 2 

As a result, the NiO film 38 formed under the afore- ^ * 10 °* ^ ttndcr vacuum atmosphere), cobalt 
mentioned conditions was completely oriented to (100) acetylacetonate in a vaporiser 18, and iron acerylac- 
in terms of X-ray. ' " etonate m a vaporizer W, wherein the materials con- 

Besides, by using the (100) completely oriented film 20 m ^ va * , ° rizErs rtapectively kept at 180" O, 

of NiO as its under layer, the (100) orientation of the Co ? 20 " C 81111 135 " C h « ttin S- 

ferrite film as & magnetic layer was improved compared Opening the 1st valves 16, 17, and 19 and the 2nd 
with the case in which the film was formed directly on valves 26, 27, and 29, and men by introducing nitrogen 
the glass disk being subjected to the influence of crystal < fl0w volume of 4 $CCM into the vaporizer 

orientation of the under layer. 25 . 7 $CCM JBto vaporizer 17 side, and 15 SCCM 

In addition, observation was made on the surface and mto **** vaporizer 19 side) along with the mang an es e 
a broken section of the disk through a high-resolution acetylacetonate vapor, zinc acetylacetonate vapor, and 
scanning electron microscope by breaking the Co fer> kcm a ^lacetonate vapor together with oxygen (flow 
nte/NiO magnetic recording medium. As a result, it has volume of 5 SCCM) as a reaction gas into a depressed 
become clear that a 2-layer film of the magnetic record- 30 rcaction chamber 12 through an exhaust system 14, 
ing medium showed a col " 
nar diameter 

4,500 A. As i _ _ _^ 

Co ferriie film 3 in the same manner through the Scan- pressed pressure (0X39 Torr) for 6 minutes, and then the 
wngdectronrmcroscope. the film thickness of NiO film 35 ***** v^ve 16 and 17 and second valve 26 and 77 were 
was determined to be about 2,000 A and that of Co closed. 

ferrite film was determined to be about 2,500 A. Further, following this, by opening the 1st valve 18 

Furthermore, analysis of the composition of the Co and the 2nd valve 28 within this vacuum corjertion, and 
fcmte/NiO magnetic recording medium through an ***** introducing nitrogen carrier gas (flow rate at 8 
X-ray lmcroanalyzer revealed that Co/Fc=5/*5. 40 SCCM) along with vapors of cobalt acetylacetonate 
In addition, measurement was made for magnetic acetylacetonate into a reaction chamber XL a 

characteristic of the Co ferrite/NiO magnetic recording flayer film consisting of Co fenite/Mn-Zn ferrite is 
medium by a vibrating sample magnetometer (VSM). formed by forming the Co ferrite film 3 on the Mn-Zn 
As a result, the coercive force of the magnetic record- femte fihn 39 through a reaction in a plasma (electric 
mg medium were He (perpendicular) = 1,200 Oe and He 45 pewer 1.5 W/cm*) for 8 minutes under a depressed 
(paraUeD=780 Oe. Further, the Ms of the Co fer- condition (0.07 Torr). Oepressea 
rite^0 2-iayer film was 275 emu/cc. Then, taking out a disk substrate 1 forming a 2-Iayer 

me reason why the magnetic recording medium of film from a reaction chamber 12 and also forming the 
^e present invention shows higher output voltage in a same Mayer fihn on the back side m the same manner 
high fording density sice of a shorter wave length so * Co femte/Mn-Zn ferrite disk having a mimetic thin" 
raijsc than die Co ferrite monolayer medium is thought film on both sides was made 

to be that the use of NiO film 38 of (100) orientation as After beat-treating this disk f or 3 hours in a 30CT C 
ariunder layer increased the (100) orientation of the Co air armosphere, a magnetic recording medium of ama*. 
TtTi ^ , «_ netic rigid disk form was made by forming a lubrfcant 

, * ™ ^ * bec ^ me clear that The under 55 layer 4 thrc^ iirmiersion m 

^^tamed organic lubricant (not m=L 

K ^and^Lo" 1 ^ Ni °' ev^tST^l ^ *™ ™ 

evaluated for electromagnetic transfer characteristics 

Embodiment 3 60 thlou S h of the same magnetic head as used in the 

f .. embodiment 1 and in the same manner. For a compari- 

dium^V « T^V^^^T^T^™" 1 " 1 * ^ ^P^POse. the same two media used m embodiment! 
dium of a magnetic ngid disk fona of the present em- were also employed here. ™wwki 

m^Tr^ f ™*Z "T^J* °* fiEUrC ', nu - A ^tiowhip between recording density or record- 
™£Jn£%£? t ? 8k , Eubsa ^ n "°«^ » 65 ing wave length and outp«votoL of tLm^L 

lubrSaS nmSCral 4 «P**«>* » tamed, Co-Ni/Cr alloy thin film medium and Co '-^ 

monolayer fihn medium is shown in FIG. a 
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In FIG. 8, the abscissa represents the recording den- 
sity or recording wave length while the ordinate repre- 
sents the output voltage. In the figure, numeral 40 rep- 
resents the characteristic of the magnetic* recording 
Tflfrirnm of the present embodiment, numeral 35 repre- 
sents thai of conventional of Cc-Nl/Gr alloy thin film 
medium for comparison, -and numeral 36* represents that 
of conventional Co ferrite monolayer fQm medinm tor 
comparison, respectively. 



14 



According to the aforementioned embodiment, as a 
Mn-Zn ferrite film 39 is formed on a disk substrate 1 and 
a cobalt ferrite film 3 is further formed thereon, a mag- 
netic recording medium can be produced which is capa- 
ble of high density magnetic recording with excellent 
reliability for endurance and hardness. 

Using the same film forming method as other embodi- 
ments of the present invention and forming films of 
Ni-Zn ferrite, Mn ferrite, Ni ferrite or Zn ferrite as an 



From HO, 8, it became clear that a magnetic record- 10 under layer respectively, and then makms a m aOT .^ 



ing medium of the present embodiment shows higher 
values of output voltage than the conventional Co- 
Ni/Cr aUoy thin film medium when compared, and m 
general the output voltage is higher than the conven- 



recordmg medium of a magnetic rigid disk form with a 
2'layer film of Co ferrite/Ni»Zn ferrite, Co ferrite/Mn 
ferrite, Co ferrite/Ni ferrite or Co ferrite/Zn ferrite, 
evaluation of the electromagnetic transfer characteristic 
tional Co ferrite monolayer medinm when compared, 15 carried out 
showing that the ma g netic recording medium of the A* a result, in the same case as the magnetic record- 
present invention is able to comply with higher record- **£ medium which consists of a flayer film of Co fer- 
ing density. rite/Mn-Zn ferrite, a higher output voltage value was 

In addition, observation of an output voltage wave shown in a high recording density side of short wave 
form at 500 KHz of recording signals of the magnetic 20 len £*h compared with the conventional Co-Ni/Cr alloy 

to* 11 fihn medium, and a higher output value was shown 
in general when compared with Co ferrite monolayer 
medinm* 



Embodn 



recording medium of the present embodiment through 
an oscilloscope showed a dipulse wave form which 
contains a perpendicular magnetic recording compo- 
nent as its character. 

After completing measurement of electromagnetic 25 
transfer characteristic, an analysis of crystal structure 

through X-ray diffraction was carried out on Co fer- r 

rite/Mn-Zn ferrite Mayer film by using an organic ™*diment of the present invention. In this figure, 
solvent and then removing the lubricant film layer of nmnera * 1 represents a glass disk substrate, nnnrad 9. 

a* m .. _ 



die mag netic 

ment, and as a result, it became clear that the generated 
film consisted of a spinel crystal structure with a pre- 
dominant orientation of (100), 
In addition, observation' was made on the surface and 



FIO. 9 shows a structure of a magnetic recording 
medimn of a magnetic rigid disk form of the present 
it of the present invention. In this figure, 
represents a glass disk substrate, numeral 2 



medium of the present embodi- 30 reprtse ? t ^ A CoZnFe ""oiphous cride thin layer film, 



numeral 40 represents Mn-Zn ferrite thin layer film, 
numeral 3 represents Co ferrite film, and numeral 4. 
represents a lubricant layer. 

r „ rjimiiiu ^ w FSmofall, in the same manner as in embodiment 1, a 

a broken section of the o^ drought m^rc^ution 35 f 1 *? disk 1 sub5tiate * was made. By using the same 
scanning electron microscope (SEM) by breaking mag- a^^^^^^I 9 flUtfiace of tins glass 
netic recording mcdhim As lJr 00 ferrite ^ * Mtt " Zl1 fetTitc film 

a result, it has become clear that the 2-layer film showed TZJ™, amorphous oxide thin film 2 were 

a columnar structure with a columnar diameter of &n TJ™^^ c n * , . 
450-WO A at a film thickness of about 3,500 A. Besides, „f£S*^°? l° U T^ oU P roductlon method *w * 
as a result of forming Mn-Zn ferrite film 39 and Co ^Kf^fK* ^L° f ^ 5™*" embodiment 
ferrite film 3 on the glass disk substrate 1 for comparison ^S lu^? E^S^ 1 "anganese ace- 
and observing in the same manner through the SOt ^ ^ylacetonate 

the film thickness of Mn-Zn ferrite film waVdetermSS « ^S? 70 ^ 2 ^ 1 «d cobalt ace^lacetonate [Co(CV 
to be about 1,500 A and that of Co ferr4e ffcnT™ 45 f^ 1 ^^ * ^**terials ^ 



drated zinc acetylacetone (for 2 hours at 100* C under 
vacuum atmosphere) in a vaporizer 16, dehydrated 
manganese acetylacetonate in a vaporizer 17 (left for 2 
hours at 100 f ~ — J 



In addition, measurement was made for the magnetic 
characteristics of die Mn-Zn ferrite film 39 and Co 

The charac^ScS t^ffi-^ffiS 55 yJ^nJ?^ XL** ^ " *? * 
were Hc=450 Oe and Ms =325 emu/cc and the™ valves^ » ^ 29 and then introducing into 

ferrite film were Hc= 1,200 Oe and M$a=260 emu/cc. 



determined to be about 2,000 A. Furthermore, analysis 
of composition of the Mn-Zn ferrite film 39 and Co 

ferrite fihn 3 through an electron beam micro-analyzer *v™,«. ion* *~ , 

(EPMA) revealed thai Mn/Zn/Fe-7/^^Co/- 50 ™i ^ tmder VJ f cunm 0 atmosphere), cobalt 

Fe=l/19. w 50 acetylacetonate m a vaporizer 18, and iron acetylac- 

etonate in a vaporizer 19, and the materials coiitamedtn 
the vaporizers were respectively kept at 75 f C, 180° C. 
120* C, and 135* C with heating. 
Opening the 1st valves 21, 23, and 24 and the 2nd 
dves 2$, 28 and 29 and then mtroducmg into a de- 
pressed reaction chamber 12 through an exhaust system 
The reason whv the magnetic r^rAinV 14 * ni ? 0 ?? 1 carrier ( flow volume of 10 SCCM. 
the preseTem^^ ffi2^t^\^^ 
a high recording density of Sfwa^S^ 60 ^^£^tSSSS T *fS?" ^ °^ 

ne£ ^£LS perpendicular mag- fihn 2 is f^Ta glass disk Jbnt&lZ 

^^l^^fP 0 ^ J?" 3 ^ why it heated at 400' C foUo^TreSat I de^eS 

^nSS^^r^i 03 ^ < a10 TMT ) forT^mu^^lh^^ 

War niedmm is that the use of a soft magnetic material 65 valve 23 and second ^ valve S^^c^ed 

as an tmder layer decreases the influence Of the rcvers- Following this, ^^emS ^rtv^ve 21 and the 

ing magnetic field due to generation of a horseshoe 2nd valv**^ ™^ S J?^S • ? 21 and the 

magnetic circuit with the i(Sn.^wT^ S^l^ j ^ ^ »»>ducmg a reaction chamber 

magneoc circuit wiifi the Co femte magnetic layer. 12 depressed by an exhaust system 14 a nitrogen carrier 
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W/J^'feV!^ ? B«erated (electro power 1.5 3 was amorphous in terms of an X-ray. 

vs^ 21 and 22 and the 2nd valves 26 and 27 are by breaking a magnetic recording medium ^is^5 of 

iS^r^^ 611 ^ r* (flOW rate 8,1 5 15 As a nwit of observation of a 2-Iayer film of Co 

SSm" wSTfifl L^lt'ST* <electric fertt ^-2n f«Tite through 2e sSKe fitSiS 
W ToZZtSJLl S^KT ness «»» 3-500 A. which Shows it^™ 

^rSfiWCo&^^^^Sl^^: " ad ? 6 f!™* di »«« was 430-800 A. It 

i ™Wte ilbnnfag a SJli^S^iS^'SE; 

3-layer film from reaction chamber 12 and also farmmr Co fi™*^™ Y ™« X ? which consists of the 
the same 3-l.yer film on the back aide KJ£?S ^ 3 « well as xt, size distribution 

Living f'JSffSS^X^^X^ * f^^r * ^ the Mn-Zo 

After heating thKfb?3 toa^ffc " d P° fcm **E 3 thxOUfih m 

nenc ngiddisfc torm was made by fonning a lubricant tivdy found. V " *" tte P ec ' 

layer 4 through immersion in a liquid tank (not fllus- „ In addition, measurement was made for dm 
tmed^nere) contaxnrng a fluorine-contained organic 30 cWcterisu^ of7^W« fT oT^trrS 
The majm-Hc ^i.. ,k. u.. /CoZnFe oxide film and Co ferrite film 3 by a vibrating 

evSat^K declo^etifn^S'cht^r! T et ° meter ^ SM >' ^ * W *e charac! 
, ^ , * OT eiBcg o m agm aic trans Set cnaraetenstica teristics of the 2-iawr film «f m« y« a tl 

through use of the same magnetic head as used in the „ y£Se «Jde werl H^20 O^ m^ 
mbodiment 1 and to the sane manner. For comparison 35 and ^StS tf ti^ Co%e^ ^T" ^ 



We also employed herT^ ™ — — ' ^Z^lLT^ , _ 

A relationship between output Voltage and recording thJS^S™ '^^ «* 
density or recordine wave Tennth of thTn^S • P*««« emb ? iim ™ t sbows a higher output voltage 

»Z sbo^FIoTfc^cCalo? 40 "J^^??* ** l-3> 

in Tnn m i Wul *~™°r region than the Co-NI/Cr alloy dun film medium Is 

of thTrS'Jl.^Ll 1 rtp ^ sentS ^ cWt^rirtics thought to be that it contain, a^«P~dSu^Stic 
hodtoerrttC^^ ° f present . em - ' ecOTdi »g "mponent, and also ^SnWnXS 

ColS^ Zv^ fiS 3 ^!^ 6 ° f00nVentl0ni J 1 out P* voltage than Go fts^e^Say^ 

SZSSTZZZT*"' ^ 45 dinm is that use of a soft magnetic material of Mn-£ 
Z^t^S^^S^ " ""^ 3 9 decreed the influx of reversing mag- 

In PIG in ir^w ^oTfW^. ^ _^ n f oc due to generation of a horseshoe magnetic 

^KSSn^ 1 r ^ -P-^onaTS „ fcr^^hTco^eS SlSSedS 

Ni/t> alloy dun film medium by comparison, and it was substrate t and also the Mn-Zn £ 

found that the magnetic recording medium was able to theCfc f«r5* wTi , femt * ^ 39 thereon ' 

at ^°^r^ ^S^TrnZ^T 5S S^^^^^^^ 
cording medium of tr^tterit^bStimt^^ ^ J c " r >'° lrt ^ magnetic recording 

1 ^XeT dlCUlar nU8DCtiC reCOrding COm P° aoa " »=^«- ««^ the same iavettigaion about the 
aa- MMmi«riR& - . oxide which contains various elements as in the emhndw 

rX^S c S^ll?! %ZTZr 60 ^ amCnphouS o^ideSn?L a^abtt 

res^ctiveTcSmn? CoZn^tdde fiSt ^ w 08 ^ » the same manner a, m em- 



ferrite film 3, Mh-ZtT femte film 3 9 T Mn Zn fer- SbSS eisT at dtf ^ ^ film - m 

rite/Co femte In the same condition as in meSbtem^ SnTof a^late^tC^ a ?T 
doned embodiment on a glass disk substrate iZlZ- 65 ^OdTrf S^nreseS S^f/^" 

SrnaeSth^c^Sr ^ ^« ^ voltage SowrTrr^I^m^ 
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Embodiment 5 
FIG. 11 shows a structure of a ™g^ftkr recording 







Li 


All 





it of the present invention. In this figure, 
numeral 1 represents a glass disk substrate, numeral 37 
represents a NiO thin film layer, numeral 39 represents 
a Mu-Zn ferrite thin film layer, numeral 3 represents a 
Co ferrite film, and numeral 4 represents a lubricant 
layer. 

First of all a glass disk substrate 1 was made in the 
same manner as in embodiment 1. By using the same 
device as used in embodiment 1, the Co fenite film 3, 
Mn-Zn ferrite film 39, and NiO thin film 37 were 
formed on the glass substrate 1- 

An explanation follows of a production method on a 
magnetic rigid disk of the present embodiment with 
reference to FIG. 2. 
Iron acetylacetonate [F^CjHtO^I manganese ace- 



10 



15 



ferrite/Mn-Zn ferrite/NiO is formed by putting a Co 
fenite film 3 on the Mn-Zn fenite film 39. 

Then, taking out the glass disk substrate 1 which 
forms the 3-layer 

Then, taking out the glass disk substrate 1 which 
forms the 3-layer film from a reaction chamber 12, and 
also forming the same 3-layer film on the back side in 
the same manner, a Co ferrite/Mn-Zn ferrite/NiO disk 
having a magnetic thm fihn on both sides was mad e 

After heat-treating this disk for 3 hoars in a 300" C. 
air atmosphere, a magnetic recording medium of a mag- 
netic rigid disk form was made by forming a lubricant 
layer 4 through an immersion in a liquid tank (not illus- 
trated here) containing a fhiorine-contained organic 
lubricant. 

Hie magnetic recording medium thus obtained was 
evaluated for Ha electromagnetic transfer characteris- 
tics through use of the same head as used in 
embodiment 1 in the same manner. As a comparison 



tylacetonate [M^C^HTQ^HaOJ zinc acetylacetonate 20 specimen, the same two media as used in the embodi- 



[ZnCCjHTQOiHaO] and nickel acetylacetonate (NKCs- 
HtO&HjOI and cobalt acetylacetonate [Co(C 5 H702)3] 
were used as initial materials along with dehydrated 
nickel acetylacetonate (for 2 hours at 100* C under 
vacuum atmosphere) in a vaporizer 16, dehydrated 
ma ng a n es e acetylacetonate in a vaporizer 17 (for 2 
hours at 100" C under vacuum atmosphere), zinc ace- 
tylacetonate in a vaporizer 18 (for 2 hours at 100* C 



meat 1 were also employed here. 

Thxt relationships between output voltage and record- 
ing density or recording wave length of the respective 
media are shown in FIG. 12 for comparison. 
25 In FIG. 12, numeral 42 represents toe characteristics 
of the magnetic recording medium of the present em- 
bodiment numeral 35 represents those of the conven- 
tional Co-Ni/Cr alloy thin film medium for comparison, 



13S 



under vacuum atmosphere), cobalt acetylacetonate in a 2 nd numeral 36 likewise represents those of the conven- 
vaporizer 19, and uxraacetylac^^ 30 t ™^ Co ffirtite monolayer medium, respectively. 

,T,V — ~ * - * ■ ' From FIG. 12, it is clear chat magnetio recording 

medium of the present embodiment show higher values 
of output voltage in general than the conventional Co- 
Opening the 1st valve 21 and the 2nd valve 2d, and Ni/Cra^ thm film med 
then introducing into a depressed reaction chamber 12 ycr m . edlUtn ^ comparison, and it was found that the 

magnetic recording medium was able to comply with 
higher recording density. 

observation of an output voltage wave form 



wherein the materials contained in the vaporizers are 
respectively kept at 170* G, I OT C, 70* C, 120* C, and 
C with heating. 



through an exhaust system 12 a nitrogen carrier gas 
(flow volume of 20 SCCM) along with "^v ? i acetylac- 
etonate vapor together with oxygen (flow volume of 3 ^<onirxr # ■• , « - — — 
SCCM) as a reaction gas, plasma is generated (at power tf^f^^L 0 ^^"^^ signals t ^thf magnetic record- 
1.3 W/cm*) and a NIO film 37 is formed on a idassdisk 40 ^ ^ Present embodiment through an 

oscilloscope showed a dipulse wave form which con- 
tains a perpendicular magnetic recording component as 
its character. 



glass disk 

substrate 1 (120 rpm) heated at 400* C. following a 
reaction at a depressed pressure (0.10 Ton) for 4 min- 
nteSj and then the first valve 21 and second valve 26 
were closed. 

Following this, by opening the 1st valves 22, 23, and 
25, and the 2nd valves 27, 28 and 30 in a vacuum atnu> 
sphere, and then mnrxhjcmg into a reaction chamber 12 



After completing measurement of electromagnetic 
45 transfer characteristic, as a result of observation on the 
surface and a broken section of the magnetic recording 
medium of the present embodiment following the 



tivc gas, plasma is generated fcteuria „^JT* temte fflm 3 m the same conditions as id the afore- 

(0.09 rL) JSSSSSi TO™. rad ° bServiD S the SEM in the 



disk substrate 1 (120 rpm) following healing to 400" C-, 
and then the 1st valves 22 and 23 and the 2nd valves 27 
and 28 are dosed. 

Further folio wing this, by opening the 1st valve 24 
and the 2nd valve 29 within a vacuum atmosphere, and 
introducing nitrogen carrier gas (flow rate at 7 SCCM 
into vaporizers) along with cobalt acetylacetonate 
vapor and iron acetylacetonate vapor into a reactive 
chamber 12, allowing them to react in a plasma (electric 
power 1.5 W/cm*) for 8 minutes under depressed con- 
dition (0.07 Ton), a 3»layer film consisting of a Co 
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same mann er, the film thickness was determined to be 
about 1,000 A for NiO film 37, about 1,500 A for Mn-Zn 
fenite film 39, and about 2,000 A for Co fenite film 3. 

Furthermore f analysis of the composition of the 
Mh^n ferrite film 39 and Co ferrite fihn 3 through an 
X-ray xmcro^nalyzcr (EFMA) revealed that 
Mn/Zn/Fe=7/3/20, and Co/Fe=l/19. 

In addition, measurement was made for the magnetic 
characteristics of the Mn-Zn ferrite film 39 and Co 
ferrite fihn 3 through a vibrating sample magnetometer 
(VSM). As a result, the characteristics of the Mn-Zn 
ferrite film 39 was Hc=45 Oc, Ms =320 emu/cc, the 
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Characteristic* of the Co ferrite film 3 were Hc= 1,200 
Oc and Ms^2£0 emu/cc 

Besides* an analysis of crystal structure through the 
X-ray diffraction was carried out of a NiO film 37 used 
for an under layer revealed that it had a complete orien- 5 
tarion to (100) of NaCl type crystal structure, and the 
orientation of (100) for any of Mn-Zn fexrite film 39 and 
Co fexrite film 3 had been improved in spinel crystal 
structure compared with the case when an under layer 
is not provided under the influence of the oxientariQa of 10 
NIO film 37. 

The reason why the magnetic recording medium of 
the present embodiment shows a higher output voltage 
in a high recording density side of a short wave length 
area than the Co-Ni/Cr alloy thin film medium is 15 
thought that it contains a perpendicular rt . 
cording component, and also the reason why h shows 
higher output voltage than Co fexrite monolayer me- 
dium is that use of a soft magnetic material as Mn-Zn 
ferrite film decreased the influence of reversing mag- 20 
neric field due to generation of a horseshoe magnetic 
circuit with the Co fin-rite magnetic layer. 

According to the aforementioned embodiment thus 
indicated above, as the NiO film 37 is formed cm the 
disk substrate 1, the Mn-Zn fenite film 39 thereon, and 25 
the Co ferrite layer 3 is further formed thereon, a mag- 
netic rigid disk having the ability to carry out high 
density magnetic recording with excellent reliability for 
endurance and hardness. 

Besides, by making a 3-kyer film medium with use of 30 
CaO or MnO made fci the same manner as in the em- 
bodiment 2 in place of NiO film 378, and various lands 
of fenite obtained in the same manner as in the embodi- 
ment 3 m place of Mn-Zn ferrite film 39 as a soft mag- 
netic iron oxide this film, as a result of the evaluation on 35 
the electromagnetic transfer characteristic, a higher 
value of output voltage was shown in general compared 
with the conventional Co-Ni/Cr alloy thin film medium 
in the same case as the magnetic recording medium 

40 



20 



consisting of a 3-Jayex film of Co ferrite/Mn-Zn fer- 
rite/NiO of the present embodiment. 
What is claimed is 

1- A magnetic recording medium comprising; 
a glass substrate disk; 

an under layer formed on at least one surface of the 
glass substrate disk, said under layer comprising a 
layer of a spinel crystal structured magnetic iron 
oxide layer laminated on a layer of a sodium chlo- 
ride crystal structured oxide layer, said spinel crys- 
tal structured magnetic iron oxide having a spmel 
crystal structure as determined by X-ray diffrao- 
tion and comprising an iron oxide containing at 
least one element selected from the group consist- 
ing of zinc, manganese and nickel, and said sodium 
chloride crystal structured oxide having a sodium 
chloride crystal structure with crystal orientation 
m a < 100> direction perpendicular to the surface 
of the glass substrate as determined by X-ray dif- 
ftaction and containing at least one oxide selected 
from the group consisting of NiQ» CoO and MnO 
a layer of a ferromagnetic Cc-cxmtaming iron oxide 
formed on a surface of the under layer in the form 
of columnar grains which are densely arranged 
perpendicularly to the surface of the under layer, 
said ferromagnetic Cc-containing iron oxide hav- 
ing a spinel crystal structure with crystal orienta- 
tion in a < 100> direction perpendicular to the 
surface of the under layer as determined by X-ray 
dull action; and 
a lubricant layer formed on the layer of the ferromag- 
netic Co-containing iron oxide; 
wherein the under layer a different from the layer of 

the ferromagnetic Cc~contairdng iron oxide. 
2. A magnetic recording medium as claimed in cflahn 
1, in which the glass substrate disk is a disk-shaped glAss 
substrate produced by press molding a heated glass 
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